Abstract -By t h e use of rhodium, rhenium, o r palladium complexes a s c a t al y s t s , and cyclodextrins o r polyethylene glycols a s phase t r a n s f e r c a t al y s t s , t h e s e l e c t i v e reduction o r oxidation of carbonyl compounds, a s well a s t h e s y n t h e s i s o f t h e l a t t e r from o l e f i n s , occurs under remarkably mild c o n d i t i o n s . o l e f i n s , epoxides and t h i i r a n e s t o a c i d s , e s t e r s , and lactones a r e des c r i b e d , using c o b a l t o r palladium c a t a l y s t s . The rhodium(1) catalyzed carbonylation of a z i r i d i n e s t o 6-lactams i s a s t e r e o s p e c i f i c and enantios p e c i f i c process. The presence of d o r 1-menthol r e s u l t s in h i g h asymmetric induction using racemic a z i r i d i n e s a s s u b s t r a t e s .
INTRODUCTION
Three important processes i n organic chemistry a r e reduction, o x i d a t i o n , and carbonylation r e a c t i o n s . S i g n i f i c a n t progress has been made i n r e c e n t years i n t h e development of new chemistry, o r the improvement of known r e a c t i o n s , using homogeneous and phase t r a n s f e r c a t al y s i s . This account describes some of t h e a u t h o r ' s r e c e n t r e s u l t s i n t h e s e a r e a s .
REDUCTION REACTIONS
In 1983, i t was reported t h a t chloro(l,5-hexadiene)rhodium(I) dimer i s an e f f e c t i v e c a t a l y s t f o r t h e phase t r a n s f e r catalyzed hydrogenation o f aromatic hydrocarbons and h e t e r o c y c l i c compounds using hexane a s t h e organic phase, an aqueous b u f f e r o f pH 7.4-7.6 and e i t h e r cetyltrimethylammonium bromide o r tetrabutylammonium hydrogen s u l f a t e a s t h e phase t r a n s f e r agent ( r e f . 1 ) . t h e same transformation can a l s o be r e a l i z e d by means of rhodium t r i c h l o r i d e and Aliquat 336 ( r e f . 2 ) . The arene reduction shows good functional group s e l e c t i v i t y s i n c e the following groups a r e unaffected: e t h e r , e s t e r , amide, and carbonyl. Concerning t h e l a t t e r , i t seemed conceivable t h a t , under modified c o n d i t i o n s , one could achieve p r e f e r e n t i a l reduction of t h e carbonyl moiety in t h e presence o f the arene. I t i s known t h a t aryl ketones form 1 : l complexes with 6-cyclodextrin, t h e carbonyl group probably located i n an exposed p o s i t i o n with t h e arene r i n g i n s i d e t h e c a v i t y and thus protected from r e a c t i o n ( r e f . 3 , 4 ) . 6-Cyclodextrins c o n s t i t u t e one of t h r e e c l a s s e s o f cycloamyloses [ t h e o t h e r s being c1 and y]. alkyl ketone o r aromatic aldehyde i s t r e a t e d w i t h hydrogen i n t h e presence of a c a t a l y t i c q u a n t i t y of the rhodium dimer and 6-cyclodextrin in tetrahydrofuran a t room temperature, hydrocarbons a r e formed i n e x c e l l e n t y i e l d s . What i s p a r t i c u l a r l y a t t r a c t i v e about t h i s r e a c t i o n , i n comparison t o e x i s t i n g methodology f o r reducing a carbonyl t o a methylene group, i s t h e a b i l i t y t o e f f e c t reduction i n t h e case of a c i d i c (eq. 1 ) o r b a s i c s u b s t r a t e s , and under e x c e p t i o n a l l y mild conditions ( r e f . 5).
This r e a c t i o n proceeds a t room temperature and atmospheric p r e s s u r e , and When an aryl 6-Cyclodextrin THF,r.t.,l atm.
OX I DATlON R EACTlO N S
Two i n d u s t r i a l l y valuable oxidation r e a c t i o n s a r e the conversion of c y c l i c ketones t o diacids, and t h e formation of ketones from o l e f i n s [the s i m p l e s t example being the conversion of ethylene t o acetaldehyde -t h e Wacker process]. By the use of phase t r a n s f e r c a t a l y s i s , one can achieve both r e a c t i o n s under remarkably mild conditions. The most e f f e c t i v e c l a s s o f phase t r a n s f e r agents f o r this r e a c t i o n a r e polyethylene glycols (PEG's) which can be regarded a s a c y c l i c analogs of crown ethers. Reactions where PEG's a r e of genuine b e n e f i t include t h e dehydrohalogenation of (2-bromoethy1)benzene ( r e f . 6 ) and pal ladium (0) Table 1 f o r d a t a ) .
Re2(CO)10,KOH COOH K2C03,PEG-400 COOH DME,r.t. ,1 atm E x c e p t i o n a l cases a r e 1 -o r 2 -t e t r a l o n e , b o t h o f which g i v e 2-hydroxy-1,4-naphthoquinone. . T h i s problem can be avoided by u s i n g , as t h e phase t r a n s f e r agent, a q u a t e r n a r y ammonium s a l t c o n t a i n i n g a t l e a s t one l o n g c h a i n a l k y l group. Only t e r m i n a l o l e f i n s a r e o x i d i z e d when such c a t a l y s t s a r e employed, b u t l i t t l e , i f any, i s o m e r i z a t i o n o c c u r s under these c o n d i t i o n s ( r e f . 11). F i n a l l y , p a l l a d i u m c h l o r i d e c a t a l y z e s t h e o x i d a t i o n o f b o t h t e r m i n a l and i n t e r n a l o l e f i n s when 6 -c y c l o d e x t r i n i s t h e phase t r a n s f e r c a t a l y s t ( r e f . 1 2 ) .
A c y c l i c b e n z y l i c ketones a r e c o n v e r t e d t o benzoic a c i d w h i l e ketones such as 5-nonanone a r e i n e r t . T h i s PEG-induced r o u t e t o d i a c i d s ( r e f . 8 ) occurs under m i l d e r c o n d i t i o n s , and i n b e t t e r y i e l d s , t h a n t h e homogeneously c a t a l y z e d r e a c t i o n ( r e f . 9). PEG-400 i s a l s o u s e f u l f o r t h e o x i d a t i o n o f i s o m e r i c butenes t o butanone u s i n g p a l l a d i u m c h l o r i d e as t h e c a t a l y s t and c u p r i c c h l o r i d e as t h e r e -o x i d a n t ( r e f . 1 0 ) . U n f o r t u n a t e l y , a s i d e r e a c t i o n i s o l e f i n i s o m e r i z a t i o n and t h e r

CARBONYLATION REACTIONS
I f t h e homogeneous Wacker r e a c t i o n i s r u n i n t h e presence o f carbon monoxide ( i . e . as a so- can t h e n o c c u r f o r X=O g e n e r a t i n g 3. The l a t t e r , c o n t a i n i n g a v i n y l m e t a l -c a r b o n bond, s h o u l d e x p e r i e n c e f a c i l e i n s e r t i o n o f carbon monoxide r e s u l t i n g i n t h e f o r m a t i o n o f 4. induced h y d r o l y s i s o f t h e e s t e r would g i v e 5 which can c y c l i z e t o g i v e t h e p r o d u c t ( 6 ) .
h a i n e s t e r s i n e x c e l l e n t y i e l d s ( r e f . 1 3 ) . The c a r b o x y l i c a c i d i s formed when w a t e r i n t e t r a h y d r o f u r a n i s used as t h e s o l v e n t m i x t u r e i n s t e a d of a l c o h o l ( r e f . 1 4 ) . T h i s method i s a p p l i c a b l e t o t h e s y n t h e s i s o f i b u p r o f e n , naproxen, and o t h e r n o n -s t e r o i d a l a n t i i n f l a m m at o r y agents. An a l t e r n a t e r o u t e f r o m o l e f i n s t o e s t e r s i n v o l v e s t h e use o f f o r m a t e e s t e r s as reagents f o r t h e p a l l a d i u m c h l o r i d e c a t a l y z e d r e a c t i o n . A l t h o u g h n o r r e g i o s p e c i f i c , t h e r e a c t i o n d i s p l a y s good r e g i o s e l e c t i v i t y f o r t h e branched c h a i n p r o d u c t ( r e f . 15). m o l e c u l a r v e r s i o n o f t h e h y d r o e s t e r i f i c a t i o n r e a c t i o n can be a t t a i n e d by t h e use o f unsatuThe i n t r a -
Metal catalyzed carbonylation and oxidation-reduction reactions
r a t e d a l c o h o l s . For i n s t a n c e , when 4-penten-1-01 was used as t h e s u b s t r a t e , t h e six-membered r i n g l a c t o n e was o b t a i n e d i n
i s known t h a t t h i o e s t e r s h y d r o l y z e more r a p i d l y t h a n t h e c o r r e s p o n d i n g e s t e r s ( r e f . 22). NaOH,C6H6
(1 1 Metal c a t a l y z e d c a r b o n y l a t i o n -ring expansion r e a c t i o n s o f h e t e r o c y c l e s have c o n s i d e r a b l e scope being a p p l i c a b l e t o a-lactams ( r e f . 2 3 ) , azirines ( r e f . 2 4 ) , and a z i r i d i n e s ( r e f . 25).
Concerning the l a t t e r , rhodium( I ) complexes a r e e x c e l l e n t c a t a l y s t s f o r the conversion o f a z i r i d i n e s t o 8-lactams. Not o n l y i s the r e a c t i o n r e g i o s p e c i f i c , b u t i t i s a l s o stereos p e c i f i c a n d e n a n t i o s p e c i f i c ( e q . 5 ) . A requirement i s t h a t the R group have a v a i l a b l e 71 or n e l e c t r o n s f o r s t a b i l i z i n g a presumed rhodacycle i n t e r m e d i a t e [i .e. R = P h , CH=CH2, COCH3, COOCH3, NHCOCH31. reaction, by k i n e t i c r e s o l u t i o n , using d or 1-menthol as an added chiral l i g a n d (eq. 6 ) . This is an attractive route f o r the g e n e r a t i o n of key i n t e r m e d i a t e s i n the c h i r a l s y n t h e s i s o f carbapenems (ref. 
